SUMMARY
The clinical spectrum of the sick sinus syndrome (SSS) is described in a series of 56 patients who demonstrated either persistent unexplained sinus bradyeardia (group I: eight patients); sinus arrest (group II: 15 patients); or bradyeardia with episodic supraventricular tachyarrhythmias (group III: 33 patients). Coronary disease was the most common form of heart disease where etiology could be determined, but in 25 patients no clear etiologic diagnoses could be established. Thirty-three patients showed associated electrocardiographic conduction disturbances. Symptoms were common and were produced by both bradyeardia and tachycardia. Eight patients in the bradyeardia-tachyeardia group experienced cerebral embolization. Despite bothersome symptoms, only six of the 56 patients died over an average follow-up of 7 years, and only one of these deaths appeared related to an arrhythmia. Drug therapy of bradyeardia was generally ineffective, but digitalis was frequently helpful in patients with tachycardia. Electrical pacing was uniformly successful in treating symptoms of bradyeardia but was disappointing in preventing tachyarrhythmias.
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Sinoatrial block D EVELOPMENTS in electrical pacing of the heart during the past decade have stimulated interest in mechanisms of bradycardia in patients experiencing Adams-Stokes syncope. For the most part these attacks are due to atrioventricular (A-V) block. However, an increasing number of patients have been described in whom the basis of syncope has been profound and unexplained sinus bradycardia or sinus arrest. In addition to bradycardia, certain of these patients have recurrent episodes of supraventricular tachyarrhythmias.
The terms "sick sinus syndrome,"1-3 "inadequate sinus mechanisms,"4 "sluggish sinus node syndrome,"5 and "sinoatrial syncope"6 have all been used to describe this phenomenon. When complicating supraventricular arrhythmias have been present, the condition has been termed "the syndrome of alternating bradycardia and tachycardia,"7 or simply the "bradyeardia-tachyeardia syndrome" (BTS Patients and Classification Patients were collected from the clinical material of the Massachusetts General Hospital and from the private practices of the authors. The charts of 83 patients meeting the criteria of SSS were reviewed. Of these, 56 were selected for inclusion, while 27 were excluded because of the probability that the slow heart rates were the result of medications (19 patients) or for lack of sufficient clinical information (8 patients) .
The 56 patients were divided into three groups on the basis of electrocardiographic manifestations of SSS. Group I included eight patients with persistent and otherwise unexplained extreme sinus bradycardia at a heart rate of less than 50 beats/min. Generally the heart rate was between 40 10 cerebrovascular accidents in the entire group, eight of them in the bradyeardiatachycardia group, and two in group II. In eight cases, the strokes were thought to be due to emboli. Peripheral emboli were surgically removed from two patients in group III, one of whom had suffered a previous stroke.
Associated Electrocardiographic Abnormalities
Abnormalities in addition to the rhythm were encountered in the electrocardiograms of 37 of the 56 patients. These are documented in table 3. Some disturbance of conduction, either at the level of the A-V node or in the peripheral bundle branches, was seen in 33 patients. the five cases of right bundle-branch block. Firstdegree A-V block was associated with both cases of right-axis deviation (': + 1200). It is of interest that there were no cases of second-or third-degree A-V block. Myocardial infarction was noted in seven patients, while left ventricular hypertrophy was observed in eight. In seven patients, there was electrocardiographic documentation of an A-V junctional escape interval of longer than 2 sec following sinus arrest, indicating an intrinsic junctional rate less than 30 beats/min. It is noteworthy that no evidence of significant ventricular irritability was seen in any subject. Among those 18 patients permanently paced primarily for symptoms related to bradyeardia, 13 also had episodes of tachyarrhythmias. In only two patients did the tachyarrhythmias appear to be suppressed by the addition of the pacemaker alone. One of the two patients has recently reverted to permanent atrial fibrillation following 24 months of freedom from arrhythmia with ventricular pacing. In three others the pacemaker allowed more aggressive administration of antiarrhythmic drugs. This combination eliminated or reduced the frequency of tachyarrhythmias. Three additional patients were paced temporarily in an effort to suppress episodic tachyarrhythmia. When it was clear that the clinical course was unaltered, the temporary electrode was withdrawn.
There were six deaths in the series during an average follow-up of 7 years. However, in only one case was the arrhythmia closely related to the terminal episode.
Postmortem data were available in only four cases and revealed a spectrum of coronary artery disease. This ranged from sclerotic but widely patent vessels to marked atherosclerosis with severe focal obstruction of all major coronary vessels in a patient with seleroderma. The group. An unexpected and important feature of the BTS noted by us is the occurrence of systemic embolization in eight of 33 patients. Presumably stasis in the atria associated with the tachyarrhythmias promoted mural thrombus formation. On the basis of our experience, anticoagulant therapy should be considered in these patients if their general condition warrants it and if there is no contraindication to such therapy.
Remarkably absent from all patients reported in our series and in those of others are serious ventricular arrhythmias. Although slow heart rates are known to promote appearance of ventricular ectopic activity, this has not been a feature of SSS.
The exact etiology of SSS remains obscure. Information from pathologic examination is meager. The basic process is presumably degenerative change in the S-A node, either primary or secondary to some vascular disease. Myocardial biopsy in two family members with persistent atrial standstill showed amyloid deposits,31 but no parallel cases have appeared. Rasmussen'5 believed the disease to be a sequel of diphtheria in his patients from Scandinavia, but could offer only one example to support this thesis. Two patients reported by Bouvrain et al.2 first developed SSS during an attack of diphtheria. Winternitz and Selye36 reported a patient with sinus bradycardia of 43-47 beats/min due to thrombosis of the artery to the S-A node. James37 has pointed out the vulnerability of the S-A node to vascular damage by virtue of receiving its entire blood supply from a single artery. The S-A node artery also supplies the atria, and disease of this vessel might be expected to affect stability of the atrial rhythm, a possible explanation for the BTS.
The most common etiology in our material was coronary disease, seen in 20 patients. Yet no specific diagnosis could be established in a still larger number (25 patients). It is probable that older subjects in this undiagnosed group will prove to have coronary disease, while some younger subjects will prove to have cardiomyopathy. It is worth pointing out that bradycardic rhythm disturbances have only rarely been mentioned in the large reported series of patients with cardiomyopathy.3840 Some patients in either age group may have a primary degenerative process involving the S-A node artery, or the specialized conduction tissue. Detailed examination of the S-A node in one of our four patients coming to autopsy showed degenerative changes, but no evidence of arteriopathy involving its artery.
Several authors have pointed out that not infrequently more than the S-A node is diseased in SSS.2, 41. 42 Electrocardiographic evidence for widespread abnormalities of impulse formation and conduction among our patients with the SSS is impressive (table 3) . Nineteen subjects had some degree of A-V block, and 10 had intraventricular conduction disturbances. Abnormal left-axis deviation in 20 subjects can be offered as evidence of impaired conduction in With regard to the site of pacing, there is theoretic advantage to atrial pacing because the contribution of atrial systole to cardiac output is preserved. In one of our cases, atrial pacing was successful when ventricular pacing failed to maintain cardiac output. However, the lesser reliability of atrial pacing and the high incidence of A-V conduction disturbances in these patients has led us to select a ventricular site for pacing in the majority of our cases.
Finally, the recently developed "bifocal" demand pacemaker may prove useful in these patients.45 This pacemaker involves the use of two electrodes, one positioned in the right atrium and one in the right ventricle, with both atrial and ventricular pacing circuits. The ventricular electrode senses the ventricular electrocardiogram and sequentially paces the atrium and ventricle on demand. In the presence of sinus bradyeardia and intact A-V conduction, the atrium is paced and the ventricular circuit is blocked by the conducted beat. 
